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ABSTRACT 
Purpose/Hypothesis: Rotation of the spine is a connnon movement used for completing daily 
activities and participating in sports. As a contributing factor to back injuries, the perfonnance of 
spine rotation is an important consideration for the rehabilitation and prevention of future back 
injury. Muscles involved in spine rotation have been researched, though limited findings exist for 
one of the largest back muscles: Latissimus Dorsi (LD). The LD muscle contributes to many 
movements of the trunk and limbs given its multiple attachment sites including the pelvis, 
scapula, ribs and humerus. Influence of the LD on spine rotation, however, has not been 
thoroughly researched. The purpose ofthis study was to increase understanding and compare 
muscle activity ofLD during open and closed kinetic chain activities to other back muscles. 
MaterialslMethods: Latissimus dorsi muscle activity was recorded using surface electrodes 
while subject perfonned left and right rotation in both standing and quadruped positions. Four 
spinal rotation test positions (standing rotation right/left, quadruped rotation right/left) were 
initiated by movement of the pelvis. Using Maximal Voluntary Contraction (MVC) to normalize 
muscle activity of the LD, findings were analyzed for significance at a=.05. 
Results: In fixed positioning, the L LD activity was significantly greater than the L middle 
trapezius (MT) and L erector spinae (ES) during right rotation. In non-fixed positioning, the ES 
activity was significantly greater than the MT and LD for both right and left rotation and both 
right and left sides. No other significant differences were found in either positions. 
Discussion/Conclusions: Our findings suggest the LD significantly contributes to fixed position 
contralateral spinal rotation when compared to MT and ES. In fixed positioning, the LD may be 
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mechanically advantaged to contribute to spinal rotation, whereas in non-fixed positioning, the 
LD may be mechanically disadvantaged to contribute to spinal rotation compared to the ES. 
Clinical Relevance: Our fmdings suggest clinicians should consider the LD as significant 
contributors to spinal rotation. Treatment of patients with back pain should involve thorough 




Low back pain is one of the most common reasons patients visited physicians in the United 
States.' About two-thirds of people in the United States experienced low back pain at least once 
in their life. Direct medical costs oflow back pain in 20 I 0 were estimated at $34 billion! The 
effects oflow back pain have more than just an economic impact; an individual's quality of life 
and functional level were diminished by low back pain as well. When polled to classify their level 
of back pain, 23% of patients with low back pain used the term "disabling" to describe their ~ 
symptoms.3 Lifting injuries in the workplace presented a significant risk factor in acquiring low 
back pain; 30% of workers were found to lift in a manner that is hannful to their back. Improper 
lifting with spinal rotation contributed to risk of developing low back pain, with 60% of low back 
injuries having involved a spinal rotation component.4 
Interventions by physical therapists for treatment of low back pain included therapeutic 
exercise targeting muscles of the pelvic floor, transversus abdominis, oblique abdominals, and 
quadratus lumborum.5 While targeting these muscles has been shown to improve symptoms of 
low back pain, interventions addressing the latissimus dorsi (LD) for the treatment of low back 
pain is less understood by the medical profession. 
Problem Statement 
The proximal attachments of the LD are the following: spinous processes of T7 to L5 
vertebrae, sacrum, iliac crest, lower three or four ribs, inferior angle of scapula, and 
thoracolumbar fascia (TF). The distal attachment of the LD is the floor ofthe intertubercular 
groove ofthe humerus. Primary actions of the LD are recognized as shoulder adduction, shoulder 
medial rotation, and shoulder extension.6 Research regarding the LD has primarily focused on 
1 
upper extremity movements with limited research on the LD's influence during spinal rotation. 
The erector spinae (ES) muscle group is commonly recognized as the primary agonist of 
spinal rotation, its attachments on the spinous processes and angle of pull is ideal for spinal 
rotation. Latissimus dorsi also has attachments on the spinous processes ofT7 to L5 vertebrae. 
These attachments potentially allow the LD to contribute to spinal rotation in a way similar to 
ES.' Therefore, understanding the magnitude ofLD muscle activity during spinal rotation may 
impact the types of rehabilitative interventions for patients with spinal pathology. 
Purpose of Study 
The purpose of this study was to analyze muscle activity of back muscles (ES, LD, and 
middle trapezius (MT)) while subjects performed spinal rotation in positions with and without 
fixation of the upper extremities. Evidence from this study is valuable in defining the extent of 
LD activity in spinal rotation which may lead to improved interventions for clients with low back 
pain. 
Significance of Study 
The field of physical therapy would benefit from a greater understanding of the 
contribution LD makes in spinal rotation. Standard interventions for back pain address muscular 
imbalances which contribute to excessive stress and strain on tissues and structures of the spine. 
The findings of this study will help physical therapists better understand the contributions ofLD, 
ES, and middle trap (MT) to spinal rotation. Based on the findings of study, future research may 
be appropriate investigating muscle activity in patients with low back pain. 
Research Questions 
\.) Will LD activation during fixed upper extremity spinal rotation differ significantly than non-
fixed upper extremity spinal rotation? 
2.) Will LD activity significantly differ than ipsilateral MT and ES activity during fixed upper 
extremity spinal rotation? 
2 
3.) Will LD activity significantly differ than ipsilateral MT and ES activity during non-fixed 
upper extremity spinal rotation? 
Null Hypothesis 
I.) There is no significant difference in LD EMG activity (%MVC) between fixed and non-fixed 
spinal rotation. 
2.) There is no significant difference in LD activation compared to the ipsilateral MT and ES 
during fixed upper extremity spinal rotation. 
3.) There is no significant difference in LD activation compared to the ipsilateral MT and ES 
during non-fixed upper extremity spinal rotation. 
Alternative Hypothesis 
1.) There is significant difference in LD EMG activity (%MVC) between fixed and non-fixed 
spinal rotation. 
2.) There is significant difference in LD activation compared to the ipsilateral MT and ES during 
fixed upper extremity spinal rotation. 
3.) There is significant difference in LD activation compared to the ipsilateral MT and ES during 




The numerous muscular and ligamentous attachments of the spine often make diagnosing 
and treating spinal pathologies quite difficult. In order to properly rehabilitate and prevent future 
injuries, the spinal anatomy, fuuction, and biomechanics must be examined closely. 
The LD is a trunk muscle whose effect on spinal rotation is often forgotten or unappreciated 
in the therapy setting. The role the LD muscle plays at its insertion, the humerus, is usually given 
more consideration than its action on the spine. Though its largest connection is with thick TF, the 
fascia attaches to the spinous processes of the lumbar spine. Therefore, the LD not only has direct 
attachment to the T7-Tl2 spinous processes, but also an indirect attachment to the lumbar spinons 
processes through the TF. Given these attaclnnents to the spinous processes, axial rotation is 
definitely a feasible action the LD can have on the spine. 
Research studies and published textbooks lack significant information as to the action the 
LD has on the spine. '-Il Currently there is limited published research that definitively determines 
the role of the LD with spinal rotations; therefore, this study was completed to investigate the role 
of the LD in regards to spinal rotation in fixed and non-fixed upper extremity positions. 
Posterior Truak Anatomy 
The LD is the broadest of all the back muscles, with a wide array of origin attachment 
points as it makes its way to the intertubercular groove of the humerus. The superior iliac crest, 
lumbar fascia, spinous processes ofT7-Tl2, ribs 9-12 (blending with the external oblique muscle) 
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and the inferior angle of the scapula are all the points of origin of the LD.6 Fibers are 
differentiated throughout the muscle by their alignment. Inferior muscles fibers are more 
vertically orientated, but as one moves more superiorly the fibers are more horizontal as they 
come off the thoracic vertebrae. Innervation of the LD is supplied by the thoracodorsal nerve 
(nerve roots C6-8) which is a branch of the posterior cord of the brachial plexus. The LD is 
responsible for numerous actions of the humems including: extension, medial rotation, and 
adduction. With the humems fixed, the LD can be more efficient in its actions on the spine and 
scapula such as: depressing the shoulder girdle, downwardly rotating the scapula, elevation of the 
pelvis, elevation of the tmnk when the shoulders are flexed overhead, bilateral extension of the 
tmnk, ipsilateral trunk lateral flexion, and contralateral rotation of the trunk in theory. 12-14 The 
LD's most powerful actions occur in activities with the arms overhead, such adducting a raised 
arm against resistance, and elevation of the trunk as seen with a pull upP It has also been found 
that the LD can be used as an accessory respiratory muscle, when the humems is fixed, for forced 
expiration during high intensity activity." 
With the LD's origin in the lumbopelvic region as well as its insertion on the proximal 
humems, it is clear that it has the largest anatomic moment arm acting on the spine. <S A majority 
of the force generation ofthe LD comes from the large portion of the muscle fibers residing over 
the lumbopelvic region despite also a spanning a vast portion of the lower thoracic region: 64% 
compared to 36%. <S The LD muscle is capable of more efficiently influencing lumbopelvic 
movement, due to the long lever ann and the vast origin source. The LD's potential to impact 
spinal motion comes from a tensile force applied to the thoracolumbar fascia which is maximized 
by the distance between its origin and insertion. 
The LD muscle works to extend, medially rotate, and adduct the humems. When these 
actions are perfonned bilaterally during bending and lifting tasks, as an object is lifted closer to 
5 
the body, the already activated bilateral LD muscles work together to extend the lumbar spine.6. 16 
When there is not proper engagement of the LD, the upper extremities are allowed to move 
passively. This lack of LD activation causes increased strain on the extensor muscles of the spine 
due to their need for over activation to make up for the lack ofLD assistance. During lifting tasks 
utilizing both upper extremities, the LD's activation allows equal distribution of forces on the 
lumbar spine. This information can be utilized to help prevent unnecessary stress on the tissues of 
the lumbopelvic region thereby reducing spinal pathology. IS 
Because of the LD's powerful influence on the spine, it is important to review specific 
spinal anatomy to know what structures may be under abnormal stress if the LD does not properly 
function. The foundation of the body is the axial skeleton, consisting ofthe skull, spine, ribs, 
pelvis, and sternum. There are five divisions of the spinal column: 7 cervical vertebrae, 12 
thoracic vertebrae each of which as a corresponding rib, 5 lumbar vertebrae, 5 sacral vertebrae, 
and 4 coccygeal vertebrae (sacral and coccygeal segments are usually fused in the adult skeleton). 
Each vertebrae is abbreviated alphanumerically cranially to caudally, Cl-Co4. Intervertebral discs 
provide shock absorption and distribution offorces and are present between each vertebra 
throughout the non-fused portion of the spinal column except between the levels of the occiput 
and Cl and Cl-C2.16 The axial skeleton is connected to appendicular skeleton by only 4 joints, 
one on each side of the body both superiorly and inferiorly, the sternoclavicular joints superiorly 
and the sacroiliac joints inferiorly. 16 
A typical vertebral segment is divided into three divisions: a body, pedicles, and the 
laminae. Weight bearing throughout the spinal column is supplied by the ~ertebral body. The 
vertebral bodies become progressively larger as they move caudally, this increases their weight 
bearing capacity. The vertebral canal lies posterior to the vertebral body; its function is to protect 
the spinal cord. The posterior portion of the vertebrae is comprised of the spinous and transverse 
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processes, laminae, and articular processes. The spinous and transverse processes are the location 
of attachment for various muscular and ligamentous structures. The lamina fonns the bridge 
between the spinous and transverse processes, whereas the anterior and posterior structures of the 
vertebrae are connected by the pedicles and exist to distribute muscle forces. 
Inferior to the cervical vertebrae are the thoracic vertebrae. Thoracic vertebrae have 
transverse processes which are larger in size than lumbar and cervical vertebrae (excluding ell; 
these transverse processes provide support for the rib cage due to their articulation with the ribs. 
The thoracic vertebrae have spinous processes which are angled inferiorly into the transverse 
plane of the vertebra below and pedicles that are pointed directly posterior. 
Wide vertebral bodies are required in the lumbar region to fonn a strong base of support 
and support the weight of the upper body. The short and thick pedicles and lamina create a sturdy 
posterior wall of the vertebral canal in the lwnbar region. Lumbar transverse processes project 
laterally whereas the broad, rectangular shaped lumbar spinous processes project straight 
posteriorly. At the base of the spinal cord is a collection of nerve roots called the cauda equina 
which is housed within the spinal canal. The cauda equirie begins around the level ofL2 and 
extends into the triangular sacral canal which provides the protection the nerve roots require to 
remain functional. 17 
The sacral portion of the spinal column follows the lumbar region. A typical sacrum is fused 
and composed of five vertebral segments; its main purpose is to distribute weight to the structures 
of the pelvis from the vertebral column. The superior sacrum which displays a large broad surface 
area articulates with the L5 vertebra. The pedicles of the sacrum are thick and extend laterally 
which allows them to increase support and stability in the region. 'Several muscles and connective 
tissue structures attach to the vertebrae and sacrum to provide additional stability and movement. 
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The zygapophyseal joint, intervertebral joints, and sacroiliac j oint. are the mainjoints 
located the lumbopelvic region. The structures share a common function of allowing the body 
weight, frictional, and ground reaction forces to be transferred throughout the entire lumbar 
spine." Assisting the joints to distribute forces as well as provide shock absorption are the 
important structures of the intervertebral discs. [7 The discs contain the nucleus pulposus which is 
the viscous center portion and is surrounded the dense, protective annulus fibrosus which 
functions to contain the nucleus pulposus within the intervertebral disc. The nucleus pulposus 
shifts when weight is distributed to the intervertebral disc and adjusts to allow for better 
distribution of the forces acting on the body. 17 
Due to the amount of bodily support supplied by the lumbosacral spine, increased 
stabilization is required in this region. This increased stabilization is proved by an aponeurotic 
connective tissue structure called the TF which is the main component of the fascial structures 
that surround the erector spinae muscles to provide additional stability and support for the lower 
spinal segments. The TF also play an important role in the stability of the bilateral sacroiliac 
joints through the attachments ofthe LD and gluteus maximus into the TF.'7 The LD take origin 
from the TF, which attaches to the lumbar spinous processes, therefore giving the LD an indirect 
articulation with the lumbar spinous processes. The TF also attaches to the ilium near the 
posterior superior iliac spine as well as the sacrum. The TF provides a cover to the posterior 
surface of the ES. There may be many factors contributing to stiffuess and tension of the TF due 
to the multiple insertions into this broad connective tissue structure. 18 Stiffuess and tension of the 
TF often leads to pain and limited range of motion ofthe lumbar spine. 
The MT, ES, and mnltifidns are other important musculature that may contribute to 
spinal rotation in the posterior trunk. Similar muscle aligmnent to the superior portion of the LD 
can be found in the MT. The trapezius is comprised of upper, middle, and lower fibers. The 
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middle fibers run laterally from the TJ-5 spinous processes and supraspinous ligaments, the 
origin, to its insertion on the superior lip of the crest on the spine of the scapula and the medial 
acromial margin. Cranial nerve XI (spinal accessory nerve) provides motor innervation to the MT 
which is active during scapular retraction, scapular stabilization. 13 
From lateral to medial, the iliocostalis, longissimus, and spinalis make up the three 
muscles of the ES group. All ofthe ES muscles originate from the TF and broad tendon which 
attaches itself to the sacrum, sacroiliac ligaments, sacral and inferior lumbar spinous processes, 
posterior iliac crest, as well as supraspinous ligaments. Inspection of the insertion of the 
iliocostalis by spinal section is: the angle of ribs 7-12 serve as the insertion for the lumborum 
portion, the angle of ribs 1-6 and transverse process of C7 serve as the insertion for the thoracic 
portion, and the transverse processes of C4-C6 serve as the insertion for the cervical portion. 
Inspection of the insertion of the longissimus muscle by spinal section is: the transverse processes 
and ribs in the thoracic region serve as the insertion for the thoracic portion, the transverse 
processes in the cervical region serve as the insertion for the cervical portion, and the mastoid 
process serves as the insertion for the capitis portion. Finally, the spinous processes of the middle 
to upper thoracic spine serve as the insertion for the thoracis and cervicis portion ofthe spinalis 
muscle and the capitis portion blends with the semispinitlis capitis. These muscles will be referred 
to as a group called the ES for the purpose of this study.6 
The ES group has been found to be the most prominent stabilizer of the lumbar spine 
when the muscles contract isometrically. 19 The ES works bilaterally to extend the head, neck, and 
trunk. The entire muscle group also works eccentrically to control the descent of the trunk when 
bending forward. When working unilaterally, the ES laterally flexes and ipsilaterally rotates the 
spine. While deeper musculature aid in anchoring the lumbar vertebrae to the ilium, the ES aides 
in rotation of the lumbar spine through its prominent lever arm from its centrally located origin to 
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its laterally located insertion. The ES muscles have a posterior direction of pull to reduce anterior 
shearing forces that may occur between lumbar vertebrae and the sacrum. The ability to check 
rotary forces and increase compressive forces between various vertebral segments are added 
functions of the deep ES muscles in the lumbar region. lS Figure 1 shows the posterior surface 
anatomy of the LD, MT, and ES. 
Figure I. The posterior surface anatomy ofLD, MT, and ES 
Biomechanics 
The most mechanically stable region of the spine is the thoracic region due to the ribs 
which attach posteriorly to the vertebrae of the thoracic spine, and anteriorly to the sternum.20 The 
amount of rotation the thoracic vertebral body can perform is limited by its articulation with the 
rib cage; however, the thoracic region contains more gross rotation than the lumbar region due to 
the larger number of segments. Intervertebral discs are thin in this region and orientation of 
articular facets are in the frontal plane. Thoracic vertebrae begin to change their shape as one 
transitions from the thoracic region to the lumbar region, starting to resemble more of a lumbar 
vertebra with articular facets facing the sagittal plane around T9. Table 1 lists the normal range of 
motion values for the lumbar and thoracic regions.2o 
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Table 1. Normal Range of Motion Values for Lumbar and Thoracic Spine 
Motion Lumbar Spine (in degrees) Thoracic Spine (in degrees) 
Flexion 40-60 20-45 
Extension 20-35 20-45 
Lateral Flexion 15-20 20-40 
Rotation 3-18 35-50 
The focus of this study is the motion of spinal rotation and what muscles are most active 
during rotation. The orientation of the facet surfaces in the sagittal plane is the reason for greater 
flexion and extension movement than that of lateral flexion. 16 During standing posture, a typical 
lumbar lordosis is 25-30 degrees 21. Spinal rotation is limited due to joint compression 
contralateral to the side of rotation stemming from the orientation ofihe apophyseal joints in the 
sagittal plane. The sacroiliac joint and multifidi muscles work together to stabilize the lumbar 
spine during rotation, while compression of the articular cartilage is produced with movement.20 
The sacrum can have an impact on movement as well, it is important not to neglect this impact. A 
40 degree angle is present between the horizontal plane and the superior aspect of the sacrum, this 
angle is known as the sacro-horizontal angle. An anterior shear force results on the L5-S I 
junction especially during extension due to the orientation of the sacrum (inclined anteriorly and 
inferiorly), equaling as much as 64% of body weight. 16 This anterior shear force is counteracted 
in part by the following structures: the anterior longitudinal ligament, L5-S1 facet surfaces with a 
frontal plane orientation, iliolumbar ligament, and fibers from the quadratus lumborum muscle. 16 
Surface electromyography (SEMG) has been used to monitor these structures to know when and 
to what degree these structures are active. 
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Surface Electromyography 
The energy production of a muscle is monitored using SEMG. Muscles elicit electrical 
activity which is detected by the SEMG electrodes that are placed over a muscle. An action 
potential, or a series of depolarizations and repolarizations, is produced when that muscle 
contracts. Action potentials initiate movement when they are sent from the alpha motor neuron to 
the central nervous system and back.22 The action potentials are detected by the electrodes, and 
the SEMG instrument amplifies the electrical signals from the action potentials. If a greater 
number of motor units are recruited, a larger electrical signal will be produced by the muscle. 
This will cause an increase in the volume of the conducted sigual on the SEMG instrument. It is 
important to remember that SEMG only measures the amount of electrical activity that muscles 
elicit during a contraction. The force of strength of a muscle contraction is not measured by 
SEMG. 
In order to minimize any unwanted transfer of signals from other proximal muscles that 
could be picked up between communication channels, it is crucial to have concise electrode 
placement. The area with the smallest amount of tissue between the muscle and the skin is the 
ideal placement for the electrode. Any hair should be removed from this area. The electrodes 
should be aligned parallel to the muscle fibers in order to have maximum sensitivity and 
selectivity. Anatomical landmarks are used to ensure proper placement of the electrodes. 14 The 
electrodes monitoring LD function are placed over the muscle belly at the Tl2 level along a line 
connecting the most superior point of the posterior axillary fold and the S2 spinous process.23.26 
The electrodes monitoring MT function are placed 4 cm lateral to T3 spinous process.27 The 
electrodes monitoring ES function are placed horizontal with the L3-4 interspace, 4 em lateral to 
midline, 1,6,19,29-31 
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Skin impedance is another factor that must be taken into account. Skin impedance is 
defined as the resistance the skin has to direct current applied to it. Skin impedance can be 
affected by tbe following factors: skin oil content, skin moisture, hair, the density of the dead-cell 
layer, and adipose tissue. Research has indicated that impedance should be less than 10 kOhms at 
each electrode site. Making sure skin impedance is as low as possible is important to get the most 
accurate reading from the SEMG electrodes. The skin should be abraded using fine grit 
sandpaper, followed by cleaning with alcohol to reduce impedance for electrode placement. The 
area may have to be shaved of all hair prior to skin abrasion. Recording of muscle contraction can 
begin once skin impedance is within acceptable levels. 14 
Maximal Voluntary Contraction 
Maximal voluntary contraction (MVC) is the greatest amount of force that a muscle is 
able to create. The International Society of Electrophysiology and Kinesiology set the standards 
for documenting the force created by a muscle. A subject should practice creating a MVC before 
collecting MVC data. Research has shown that there is a 20-30% decrease in MVC performance 
without proper training. Without proper training, results may not represent the subject's true 
MVC. Feedback, such as verbal and visual, have been found to impact MVC, therefore, should be 
an attempt to minimize negative effects of feedback on MVC so that data collection is 
accurate, J,32~34 
Manual muscle testing (MMT) is not the same as MVC. Collecting an MVC requires the 
subject's maximal effort with a certain motion. Manual Muscle testing is not as reliable since the 
subject only has to produce a force that is equal to the resistance being given by the examiner. It 
does not represent the maximal effort that is capable by the subject." Different from the 
traditional MMT position for the LD, the best test position for LD activation is in the prone 
position with the upper extremities in extension. Researchers found the average MVC was 
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92.62% in this position whereas other positions averaged much less. The researchers of the cited 
study concluded that these findings were relevant and appropriate to include in the study.36 
Testing the MVC of the ES utilizes the traditional MMT position. The subject is prone 
with hands at the side. The researchers stabilize at the ankles and the pelvis. The subject lifts their 
trunk off the table by extension of the lumbar spine as far as they possibly can approaching the 
subject's umbilicus clearing the table. 27 Testing the MVC of the MT is done by using the 
traditional MMT position. The subject is prone with upper extremities abducted to 90 degrees and 
resistance is given at the distal arm. The opposite side of the trunk is stabilized during the 
movement. 
Muscle Function 
The low back is an area of the body that is very susceptible to injury. It's of great 
importance to be mindful of the ways that different muscles function and how they can lead to 
common pathologies. It's important to know which forces are acting during movement on 
different areas of the body to determine where a dysfunction is originating. Knowledge of how a 
muscle functions will allow for advanced and specific strengthening to the muscles. 
Muscle are able to contract in three different ways. Those include: concentrically, 
eccentrically, and isometrically. When the muscle shortens against a force and the distal segment 
moves towards the proximal segment, it's considered a concentric force. An eccentric force is the 
opposite. The muscle is lengthened against a force as the distal segment moves away from the 
proximal segment. An isometric contraction is when the muscle creates a force where proximal 
and distal segments do not move relative to each other. 
Muscles function in open chain or closed chain movements. Open chain movements 
occur when the kinetic chain is unfixed to the ground or any other object that is unable to move. 
Closed chain movements occur when the kinetic chain is fixed to the ground or other object that 
14 
is unable to move. An example of a closed chain movement would be a push up. Both hands are 
fixed on the ground while you extend at the elbows. This causes the body to move upward against 
gravity. 
Testing Positions 
The ability of mnscles to function in both open and closed chains effects how a muscle 
can operate. The LD originates at the trunk and inserts on the upper extremity. The LD is in a 
closed chain position when the upper extremities are fixed and the trunk is free to move. The LD 
will be isolated while the subject is in quadruped. The subject will lift one of the lower 
extremities while bearing weight through both hands and the opposite lower extremity. This will 
rotate the spine. For example, if the left lower extremity is raised off the table, the spine will 
rotate right, relative to the pelvis. 
Right Fixed Position: The subject is in the quadruped position. The subject then lifts their 
right knee off of the surface so that the thigh hovers perpendicular to the surface. This causes left 
spinal rotation with initiation from the pelvis. 
Left Fixed Position: The subject is in the quadruped position. The subject then lifts their 
left knee off of the surface so that the thigh hovers perpendicular to the surface. This causes right 
spinal rotation with ioitiation from the pelvis. 
Open chain position is achieved by standing spinal rotation. The trunk is fixed while the 
upper extremities are free. Terms to define this are "right non-fixed position" and "left non-fixed 
position." 
Right Non-Fixed Position: The subject is io the standiog position with their feet shoulder-
width apart. The subject then moves the right side of their pelvis posteriorly in the horizontal 
plane to ioitiate left spinal rotation. The subject's feet remain planted while completing this 
motion. 
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Left Non-Fixed Position: The subject is in the standing position with their feet shoulder-
width apart. The subject then moves the left side of their pelvis posteriorly in the horizontal plane 





This study was approved by the University of North Dakota Institutional Review Board, 
and Research Development and Compliance (IRB-20 I 504-329). Inclusion criteria consisted of 
subjects between the ages of 20-40, dominance of the right hand, and the ability to tolerate prone 
and quadruped positioning for 20 minutes each. Exclusion criteria consisted of current or 
previous pathology of the shoulder or spine requiring medical attention, pregnancy, and allergies 
to latex or isopropyl alcohol. 
Twelve healthy subjects (8 female, 4 male) volunteered to participate in the study (Table 
2). Subjects were recruited by placement of fliers throughout the University of North Dakota 
School of Medicine and Health Sciences during the months of April-May 2017. All subjects were 
Table 2 Subject Demographics 
Mean Median Standard 
Deviation 
Age (Years) 23.75 23 2.491 
Height (Inches) 68.08 66.5 3.315 
Weight (Pounds) 155.1 152.5 25.79 
aware of the expenmental procedure, purpose of the study, and any pOSSible nsks of the study. 
Subjects were asked to complete a demographic questionnaire (Appendix A) and sign a consent 
form (Appendix B) prior to participation in this study. A copy of the consent for was provided to 
the subject if they desired one. 
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Instrumentation 
Instrumentation used for this study was wireless electromyography hardware and 
software (Noraxon, USA, Scottsdale, AZ). The LD, MT, and ES were studied using self-
adhesive, pre-surfaced EMG electrodes. Silver/Aluminum adult electrodes with a 3.3 cm inter-
electrode distance were utilized for this study (AmbulMedicotest NS, Denmark). Data analysis 
for the raw EMG data was performed using Noraxon MyoResearchXP software (Noraxon, USA, 
Scottsdale, AZ). 
Electromyography 
Prior to the beginning of this study, the research team set up and tested the EMG 
equipment to ensure proper signal reception and transmission. The research testing was 
conducted in a private room in Grand Forks, North Dakota at the University of North Dakota 
School of Medicine and Health Sciences. This was done to ensure privacy and confidentially for 
each participant involved in the study. Prior to the study, participants were given a verbal 
explanation of the study and were allowed to ask any questions about the procedure or express 
any concerns. Each participant completed the testing session in approximately one hour. All 
participants were asked to wear shorts to the session. Female subjects were asked to wear a tank 
top, and male subjects were asked to remove their shirt to allow for direct skin contact of each 
electrode. The SENIAM group guideliues for preparation and placement of electrodes was 
followed by the researchers (SENIAM Group, Enschede, Netherlands). Electromyography 
(EMG) procedure required electrode site preparation, electrode placement, and proper application 
of equipment for collection of EMG data. Electrode site preparation was prepared in a 
standardized manner for all applications. The skin preparation consisted of the removal of excess 
hair (if necessary) using an electric razor, wiping the skin surface with 400 grit sandpaper, and 
then followed by wiping with isopropyl alcohol. 
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The same researcher measured and applied each electrode to the participants in order to 
increase reliability of the study. Electrodes were placed over the LD, MT, and ES muscles 
parallel to the muscle fibers (Fig. 2). For the LD, the electrodes were placed over the muscle belly 
at Tl2 level and along a line connecting the most superior point of the posterior axillary fold and 
S2 spinous process.23-26 For the MT, the electrodes were placed 4 cm lateral to the spinous 
process ofT3. 27 For the ES, the electrodes were horizontally aligned with the L3-4 interspaces, 4 
cm lateral to midline.I.6.19.29-31 A Noraxon impedance analyzer (NoraxonUSA, Inc., Scottsdale, 
AZ) was placed over each pair of electrodes in order to measure impedance. Skin impedance was 
assessed to be less than 10 kOhrn. The electrodes were connected to the Telemyo 900 transmitter 
which were attached to the snbject's skin using double sided tape. The EMG signals were 
transmitted to the Telemyo 900 transmitter and stored on a laptop computer for later analysis 
(Hewlett Packard, Palo Alto, CAl. 
Figure 2. Electrode placement for MT, LD, and ES. 
Reflective markers were placed bilaterally over the anterior superior iliac spine (ASIS) 
. and bilateral acromion processes to measure rotation. The testing positions were video recorded 
to analyze motion. Using a meter stick attached perpendicular to a six inch wooden box, a vertical 
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point of reference was developed for the stndy. The meter stick was used as the point of reference 
to determine the amount of spinal rotation for the video recording. After the electrode placement 
was completed, maximal voluntary contraction was collected for each muscle with a randomized 
order. The EMG data was used to analyze the amount of muscle activity during spinal rotation at 
different points of the video recording. 
Maximal Voluntary Contraction 
An MVC was obtained for eacb muscle of all subjects. Testing the MVCs began by 
positioning the participant in prone with the head resting in neutral. Participants were instructed 
to exert their maximal force against the dynamometer (microFET2) (Hoggan Health Industries, 
West Jordan, UT, USA) during each MVC trial. The same researcher utilized the microFET2 for 
the participant each time to ensure consistency. A metronome was set to a speed of 60 beats per 
minute for consistent timing. Each participant had one second to move into the appropriate MVC 
testing position, hold the MVC for three seconds, and retnmed to the starting position in one 
second. Each participant was allowed to practice the MVC testing positions until feeling 
comfortable. 
Three trials were performed for each MVC testing position with a 30 second rest in-
between each trial. Subjects were instructed to give their best effort during each trial. After each 
trial, participants were informed of their resistance values in order to encourage full MVC. No 
additional encouragement was given to the participant during the actnal contraction. The 
participants were reminded to contract slowly and fully, without jerking, in order to produce the 
best resuIts.! MicroFET2 values were recorded in each testing position for reliability. All trials 
were required to be within a 5 point interval. If a trial fell outside the 5 point interval, it was 
repeated until there were three trials recorded that fell within 5 point interval of each other for 
each testing position. A computer randomized the MVC testing position for each participant. 
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Latissimus Dorsi (Fig. 3): The tested side was aligned with the edge ofthe plinth, with 
the shoulder and upper extremity placed off the plinth. The participant was then asked to flex 
their elbow to 90 degrees and extend their elbow to be parallel with the trunk. The researcher, 
using the microFET2, applied resistance to the distal humerus during upper extremity adduction 
and extension. Stabilization was applied to the ipsilateral scapula and contralateral pelvic. 
Figure 3. Testing position for the maximal voluntary contraction ofLD. 
Middle Trapezius (Fig. 4): The participant's upper extremity was placed in 90 degrees of 
abduction, neutral rotation, and 90 degrees of elbow flexion. The same researcher, using the 
microFLET2, applied resistance to the distal humerus during scapular adduction. Stabilization 
was applied to the contralateral scapula and ipsilateral pelvis. 
Erector Spinae (Fig. 5): The participant's arms were placed at their sides. The pelvis and 
lower extremities were stabilized using the velcro helts attached to the plinth. Additional 
stabilization was applied to the participant's ankles by a researcher. The participant was 
instructed to lift their chest off the plinth into trunk extension through full range of motion while 
I 
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maintaining a neutral head position. No external resistance was applied. Consistent effort was 
Figure 4. Testing position for the maximal voluntary contraction ofMT. 
measured by assessing full range of motion prior to testing and ensuring full range of motion was 
achieved during each trial. 
Figure 5. Testing position for the maximal voluntary contraction ofES. 
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Experimental Testing 
The experimental testing was performed after completion of all MVC testing. A 
computer randomly generated the sequence of testing conditions for each participant to eliminate 
bias of selection. Before beginning the frrst testing condition, one to two minutes of rest was 
allowed for the participant. One to two minutes of rest was also allowed between each 
experimental testing condition. Participants were able to practice each testing motion until 
comfortable. A 30 second rest period was given before performing the first trial. Each movement 
was paced to a metronome set to a speed of 92 beats per minute. 
Following the beat of the metronome, participants were instructed to move three counts 
into their full range of rotation followed by three counts back to neutral position. A researcher 
verbally cued to the participant during the motion to the beat of the metronome, saying, "Back, 
Two, Three. Forward, Two, Three ... " The participant completed three trials of five repetitions for 
each movement. There was a rest period of 30 seconds between each trial. A six-inch wooden 
block with a meter stick attached perpendicular to the testing surface was placed on the testing 
side to measure spinal rotation. 
Standing (Fig. 6): Participants were asked to stand with feet flat on the floor, shoulder-
width apart, and arms crossed over their chest. A researcher stabilized the participant's shoulders 
to avoid movement of the upper trunk The participants were instructed to rotate their pelvis by 
bringing their right ASIS posteriorly and left ASIS anteriorly (Left Spinal Rotation). This was 
repeated by in the opposite direction bringing the left ASIS posteriorly and right ASIS anteriorly 
(Right Spinal Rotation). The rotation was performed keeping their feet in contact with the floor 
and kuees straight. The video camera was placed on the side rotating posterior with a clear view 
of the reflective markers. The camera lens was placed at the height of the participant's ASIS for 
consistency. 
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Figure 6. Standing spinal rotation (non-fixed) testing position. (A) Starting position of standing 
test position. (B) Maximal rotation before returning to starting position. 
Quadruped (Fig. 7): For this testing position, participants were in quadruped with lmees 
and hands shoulder-width apart. The six-inch wooden box was placed adjacent to the participant's 
knee on the testing side. A towel was placed between the box and the participant's leg for greater 
ease of movement. The participants were asked to lift their knee off the plinth while maintaining 
contact with the box to prevent abduction of the thigh and to promote spinal rotation. 
Data waS collected during the entire cycle for each MVC and three trials of each testing 
position and stored in separate files. Once all data collection was completed, the electrodes and 
motion analysis reflectors were removed from the subject and the skin was cleaned with isopropyl 
alcohol. 
Data Analysis 
Data analysis occurred using the MyoResearch XP software. The collected EMG data 
was transported, rectified, and normalized to the MVC for each muscle by the Noraxon 
MyoResearchXP software (NoraxonUSA, Inc., Scottsdale, AZ). The EMG data was recorded in 
5-count intervals during every muscle contraction for the MVC's. The EMG data was recorded in 
3 count intervals forward and back for testing positions. Data from 
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A B 
Figure 7. Quadruped position for quadruped 
position. (B) Lateral view of maximal rotation. (C) Posterior lateral view of maximal rotation. 
seconds 2-4 was used for data analysis in order to find the most precise data representation within 
the 5-count interval. Once these values were obtained, all data was transferred to the Statistical 
Package for Social Sciences (SPSS) spreadsheet. To determine a significant effect of each muscle 
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in a fixed and non-fixed position on the EMG activity, a repeated measures ANOVA was used 





An ANOV A or repeated measnres t-test was used to research each of the questions 
presented to analyze significant differences in EMG activity for specific muscles under the 
previously explained conditions (Table 3). A least significant difference (Scheffe) post hoc test 
was used to compare the planned pairwise comparisons to determine if an ANOV A was found to 
be significant. 
The right and left LD EMG function was compared under differing conditions of 
movement and degree of upper extremity fixation. This was done to investigate onr first research 
question. All fonr RM t-tests were found to be significant (Table 3). Dnring left fixed spinal 
rotation, the right LD was found to be most active. Additionally, dnring right spinal rotation, the 
left LD was found to be most active. For all conditions, LD fixed was statically more active than 
non-fixed. 
The second and third research questions compared the EMG activity of the LD, ES, and 
the MT in the following positions: right and left spinal rotation in a fixed quadruped position 
(Table 4) as well as right and left spinal rotation in a non-fixed standing position (Table 5). 
Differences in the LD and ipsilateral ES, as well as the LD and the ipsilateral MT were addressed 
using a Two-Way Repeated Measures Analysis of Variance to compile specific pair-wise 
comparisons. 
The Repeated Measnres Analysis demonstrated the difference in normalized EMG 
activity between the muscles under the conditions of left and right spinal rotation while the upper 
extremities are fixed, pertaining to research question number two. The right LD was 
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Table 3: Repeated Measures T-test: The difference ofEMG activity in fixed and non-fixed 








direction (%MVC) of 
Freedom) 
Fixed 12 13.342 10.702 
Right -3.321 11 
Non-
12 4.535 2.228 
Fixed 
RLD 
Fixed 12 17.553 10.582 
Left -4.410 11 
Non-
12 6.000 2.688 
Fixed 
Fixed 12 18.884 7.162 
Right -8.394 11 
Non-
12 6.808 3.792 
Fixed 
LLD 
Fixed 12 12.177 6.785 










*Movement DirectIOn: Right DrrectlOn = Left Spma\ RotatlOn, Left Directwn = Right Spma\ 
Rotation 
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Table 4: Repeated ANOVA post hoc analyses: The difference in EMG activity between the right 






Position Direction Muscle N (%MVC) SD F Freedom) p 
RLD 12 13.342 10.702 
Right RMT 12 6.233 3.251 
1.315 11 .276 
RES 12 12.910 8.258 
RLD 12 17.555 10.582 
Fixed 
Left RMT 12 8.099 5.236 
1.583 11 .169 
RES 12 12.502 5.359 
LLD 12 18.884 7.162 
Right' LMT 12 7.510 5.219 
4.618 11 .001 
LES 12 10.015 3.193 
LLD 12 12.177 6.785 
Fixed 
Left LMT 12 5.703 2.719 
1.731 11 .124 
LES 12 14.848 12.173 
*Slgmficant difference found between the L LD and L MT, L LD and L ES. p-.OOI, p-.OOI 
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Table 5: Repeated ANaV A post hoc analyses: The difference in EMG activity between the right 











RLD 12 4.535 2.228 
Right* RMT 12 3.219 2.336 6.363 11 <.001 
RES 12 22.105 10.520 
Non-
Fixed 
RLD 12 6.000 2.688 
Left<> RMT 12 5.565 5.144 3.054 11 
RES 12 12.171 2.409 
LLD 12 6.808 3.792 
RightD LMT 12 4.991 4.660 2.317 11 
L LES 12 11.544 4.955 
Latissim 
us Dorsi LLD 12 4.549 2.4024 
Left<1 LMT 12 2.800 1.364 4.911 11 
LES 12 18.865 10.576 
*Stgmficant dtfference found between the R ES and R MT, R ES and R LD. p<.OOI, p<.OOl 




DSignificant difference found between the L ES and L LD, L ES and L MT. p=.040, p=.040 
<lSignificant difference found between the L ES and L LD, L ES and L MT. p=.OOl, p=.OOl 
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slightly more active than the right ES during right fixed rotation, and both right LD and right ES 
were more active than right MT. Also, the right LD was more active than the right MT and right 
ES in left fixed rotation. However, the p values of these findings determined the difference was 
not statically significant. The left LD was more active than the left MT and left ES during right 
fixed rotation which was shown to be statically significant. During left fixed rotation, the left ES 
was slightly more active than the left LD, and both left ES and left LD were more active than the 
left MT which were found to be not significant. Refer to Table 4 for significant p values, and the 
specific numerical differences between the muscle groups. 
Repeated Measures Analysis was used to assess standing rotation, or non-fixed spinal 
rotation, this demonstrated a significant difference in normalized EMG activity when comparing 
the muscles under the conditions of non-fixed right and left spinal rotation. The only significant 
difference found in muscular groups during non-fixed rotation are listed (Table 5). 
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CHAPTER V 
DISCUSSION and CONCLUSION 
Discussion 
This study's purpose was to analyze EMG activity during spinal rotation with and 
without upper extremity fixation of the LD, MT, ES muscles. The results of this study indicated a 
statistically significant increase in LD EMG activity during fixed position (quadruped) when 
compared to the non-fixed position, supporting hypothesis one. While past research has shown 
the LD does not playa significant role in spinal rotation, our findings support the previous two 
pilot studies stating the LD does in fact contribute to contralateral spinal rotation when in the 
quadruped position. 
In the fixed position right rotation, the left LD was significantly more active than the left 
ES and left MT. The significantly greater left LD activation during fixed right rotation correlates 
with the previous pilot study, however, left MT activation was not significantly greater as was 
found during previous pilot studies. The fmdings of greater left LD activation in fixed right 
rotation suggest contralateral LD does in fact contribute significantly to fixed spinal rotation, but 
may not consistently be the prime mover. The findings may be attributed to the position of the 
humerus in fixed compared to non-fixed positioning. With the humerus fixed, movement at the 
insertion was prevented, which caused the concentric shortening to take place from origin to 
insertion of the LD (closed chain). This contraction resulted in contralateral spinal rotation. The 
fixed position places the lumbar spine in a flexed posture with flexion of the hips, favoring the 
LD as a contralateral spinal rotator in comparison to the ES and MT. 
32 
In the fixed position, no significant differences were found between the right MT, LD, 
and ES in either right or left spinal rotation. Given the significantly different activation of left LD 
compared to left ES and left MT during right fixed rotation, we would expect similar findings in 
respect to right LD in comparison to R MT and R ES during fixed left rotation. The 
inconsistencies between the right and left LD in the fixed position cannot be explained from the 
cunent set of data 
Consistent with a previous study conducted by Kumar et al. l , the LD muscle has 
significant influence on spinal rotation in the fixed (quadruped) position. While Kumar et al. 1 
focused on isometric rotation of LD during lifting activities; our study examined LD influence on 
rotation in positions more closely related to exercise and functional movement practiced in a 
physical therapy setting, improving the clinical applicability of our findings. 
When evaluating the left side musculature in the non-fixed position, the ES had 
significantly more EMG activity than either the LD or MT in both left and right rotation on both 
left and right sides. The LD and MT did not significantly differ in both left and right rotation on 
both left and right sides. The lack of significantly greater activation of the LD compared to ES 
and MT in non-fixed positioning suggests the LD is unfavorably positioned to contribute torque 
during non-fixed spinal rotation. The non-fixed spinal rotation testing position may also allow for 
greater compensatory movement via lumbar extension, placing the ES in a favorable position to 
activate in comparison to LD. Subjects activating different musculature throughout the prescribed 
movement patterns may accouot for differences in EMG activity. 
In this study, several limitations were present. First, there was a small sample size of only 
12 individuals. The demographics of these 12 individuals were also fairly similar, ranging in ages 
of 22-31 and rather than being members of the general public, they were healthy, active physical 
therapy students. Each individual displayed a different body type, postural alignment, level of 
muscnlar development of the muscles tested, as well as coordination level and aWareness of body 
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movements. Secondly, other confounding variables which researchers were not aware may have 
influenced the experimental procedure. Such conditions include decreased practice time of tested 
movements, researcher discrepancy when providing stabilization, and the inability for the 
researcher to consistently apply pressure into the dynamometer. 
Suggested future research could include a more specific degree of rotation at which the 
LD is active, assessment for hand dominance, variance in age of population as well as fitness 
level. These suggestions would increase statistical significance and allow results to be more 
generalizable. Eventually, performing LD specific exercises with LBP patients in physical 
therapy and their outcomes would be beneficial to expand the knowledge of low back pathologies 
and available treatments for healthcare professionals. 
Conclusion 
In conclusion, the LD was found to be more active during contralateral spinal rotation 
during fixed positional movements. The MT and ES were found to have a greater function on 
spinal rotation during standing, non-fixed rotation. The ES muscles have a greater effect than the 
LD due to their increased activity in lumbar extension during standing. In standing, non-fixed 
rotation, the MT is also more active than the LD. Greater initiation of spinal rotation in the 
cervical and upper thoracic spine, versus only the lumbar spine which isolates more specific LD 
activity, may explain the increased MT activity with rotation to the opposite side. 
The contributions of the LD muscle in spinal rotation is highlighted in this study and the 
previous two pilot studies. It is a part of ongoing research concerning rotational movement 
strategies which the LD may playa role in with individuals with and without LBP. Many 
activities of daily living require spinal rotation with upper extremities fixed; meaning properly 
functioning LD muscles are required for increased quality of life. Rehabilitation for LBP often 
includes both standing and quadruped exercises. In the future, the LD should be evaluated when 
assessing spinal rotation in a client with LBP. 
34 
Appendix A 
10# __ _ 
Patient Questionnaire 
Name, ____________________________________________ __ 
Date of Birth, __________ _ Height, ______ _ Weight ____ _ 
Dominant Arm ____________ _ 
Sensitivity to: Latex Y N Isopropyl Alcohol skin sensitivity Y N 
If yes, please explain ____________ --,-___________ __ 
Do you have any history of shoulder pain/pathology? Y N 
If yes, please explain, _______________________ _ 
Do you have any history of back or spinal disc/pathology? Y N 
If yes, please explain, ______________________________________ _ 
Are you pregnant? Y N 
Do you have any condition for which lying on your stomach would be a problem? Y N 
If yes, please explain ________________________________________________ _ 
All the information provided in this questionnaire has been answered accurately and to the 
best of my knowledge. 





CONSENT TO P ARTICIP ATErn RESEARCH 
TITLE: Elecwomyographic Analysis of Latis$imus Dorsi, Erector 





STATEMENT OF RE$EARCJI 
Susan H N Jend, PI, PhD 
701 777-3662 
Physical Therapy 
A person who is to participate in the research must give his or her informed consent to such 
participation. This consent must be based on an understanding of the nature and riskS of the 
research. This document provides information that is important fbr this understanding. Research 
projects i!)clude only subjects who choose to take part. Please take your time in making your 
decision as to whether to participate. If you have questions at any time, please ask. 
WHAT IS THE PURPOSE OF TillS STUDY? 
You are invited to be in a research study about muscle activity during trunk rotation because yon 
are a student in the UND School of Medicine and Health Sciences. 
The purpose of this study is to det;mnine the level of muscle activity of several back muscles 
including latissimus dorsi, middle trapezius, and erector spinae muscles with trunk rotatio!) willi 
and willioutfixation ofllie upper extremities. The conclusions drawn from this study will .allOVl' 
practicing clinicians to better develop llie exercise programs provided to llieir clients with back 
or upper extremity palliology. 
HoW MANY PEOPLE WILL PARTICIPATE? 
Approximately 50 people willtake part in this study at the University of North Dakota 
HOWl,ONG WILL I BE IN TillS STUDY? 
Your participation in llie study will last approximately 60 minutes. You will need to visit llie 
Department ofPl1ysical Therapy 1 time to participate in this study. 
WHAT WILL HAPPEN DURING TillS STUDY? 
After you agree to participate in this stndy, you will be asked to complete a questionnaire 
pertaining to information about you. You are free to akip any question that you would. prefer not 
to answer. This study will involve the collection of electrical activity of some of the muscles in 
your back while you perform trunkwtation activities while standing upright and while on your 
hands and knees, In order to access llie muscles on your back and for comfort during the test 
Approval Date: __ J..-A,,-N _1;-:1:--;i'lr=' __ 
Expiration Date: _~JA.::.:N--,-l ,,--0 --,20=18~ __ 




procedures, female subjects will be asked to wear shorts and a swimsuit top or spOlis bra to 
expose the appropriate areas of your back for placement of the electrodes. For male subjects, 
you will be asked towear shorts and remOVe your shirt to expose your back. You will be asked 
to lie ollyour.stomach on a padded table and marks will be placed on your skin where the 
electrodes will be placed over the muscles on both sides of your back (see attached diagram). 
Pre-gelled, self-adhesive electrodes placed over the muscles will collect the electrical signal the 
muscles produce When they contract. In order to .obtain the best signal:tl:om the muscles, the 
skin where the electrodes will be placed will be prepared in standard fashion which includes 
clipping any excess hair with an electric razor, lightly rubbing the skin with fine grit sandpaper 
followed by cleaning the area with rubbing alcohol wipes. This process is intended to reduce the 
resistance of the skin to allow of better signal collection by the electrodes. A device to measure 
the amonnt of rotation willbe placed along the spine in the low back area. The data collecting 
devices will be attached by lead wires to a transmitter which will be attached aronnd your waist 
by a belt. Electrical signals are sent from the transmitter to a computer for recording and 
analysis. 
Once the electrodes are in place, you will be asked lie on your stomach and to perform a 
maximal voluntary contraction (MVC) - a full effort contraction - of each of the muscles which 
will be used tor comparison ofmusde activity. A hand-held device will be used to record the 
amount of force created by each contraction. For each MVC, you will be asked to push against a 
fixed device as hard as you can for 5 seconds. This will be repeated .3 thues for each muscle 
with 30-60 seconds rest between trials. You will be allowed to practice the testing procedure 
before data collection. 
Following the collection of the MVC data; you will be asked to perform a series oftrunk 
rotations both to the right and to the left from a standing position and from a position on your 
hands and knees. Each r.otation will be timed with a metronome for a 3 connt motion to obtain 
full rotation and a 3 connt motion to tetarn to a resting position. You will be allowed to practice 
to be sure the tinting of the motions is clear. The rotation measurements will be randomized with 
you selecting a card to determine the order of the activities. You will perform 5 repetitions of 
each rotation timed by a metronome for each trial. You will be given 30-60 seconds rest 
between each trial. The rotational motions will be recorded on the computer for use In analyzing 
the data. 
WHAT ARE THE RISKS OF THE STUDY? 
Although there is some degree of risk involved in physical activity testing, the researchers 
believe the risk of injury and discomfort is millhual; however, minor muscle soreness may occur 
following repeated activity. The use of a spotter will minimize any risk from 108s of balance 
during the activity. Reddening of the skin in the areas where the electrodes are placed is possible 
due to the adhesive material. TheEMG equipment will ouly monitor muscle activity and the 
equipment will not cause discomfort. If at any thue you experience pain, discomfort, fatigne, or 
any other uncomfortable symptoms, you may stop your participation in this study. 
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WHAT ARE THE BENEFITS OF THIS STUDY? 
Yau may not benefit personally from being ,in this study. However, we hope_that, in the ~~e, 
other people might benefit from this study and .these qenefits include but are not limited to 1) 
gaining a better understanding ofthe muscle activity in the back muscles with trunk l,'otati6n and 
2) increasing the current level ()fknowle4ge of muscle activity and motion patterns of these 
muscles-during this-activity. This will begin to'provide more information on how to design 
treatment programs that include these·muscles. 
WILL IT COST ME ANYTHING TO BE IN THIS STUDY? 
You will not have any costs for heing in this research study. 
WILL I BE PAID FOR PARTICIPATING? 
You will not be paid for being in this research study. 
WHO IS FUNDING THE STUDY? 
The University of North Dakota and the research team are receiving no payments from other 
agencies, organizations, or companies to conduct this research study. 
CONFIDENTIALITY 
The records ofthis study ·will be kept private to the extent pennitted by law. In any report about 
this study that might be published, you will-not be idelitified. Your study recprd m~.y be reviewe( 
by Government agencies, the UND Research Development and Compliance office, and the 
University ofNorlh Dakota Institutional Review Board. 
Any information that is, obtained in this study and that. can be identified with you will remain 
confidential and- will be disclosed only with your permission or as required by law. 
Confidentiality will-be maintained as each subject will be given a randomly selected 
identification number at the beginning of the study, which will De known by the researchers only 
All information involving the research stl1dy, digital and hard copy, along with a hard copy ofth, 
statistically-amilyzed data, Will be secured in a locked ,ca,pinet inside the Department of Physical 
Therapy at the University of North Dakota. Unless the dnta is required for future studies, the 
infonnation will be destroyed via shredding three years after the study has been completed. 
If we write a report or article about this study, we will describe the study results in a summarized 
manner so that you cannot be identified. 
EMG data and digital recordings of the motions pelfonned as part of this research study will be 
coded in the same marmer as the infotmation fonn. Your name will not be associated with the 
digital file. All digital infonnation will be stored separately form'the consent forms in a secure 
location in the Department of Physical 'Therapy. After a period of3 years from the completion 
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Expiration Date: __ JAN __ l_0_2Il_16 __ _ 
Dllte;c-__ _ 
Subject Initials: __ _ 
University of North Dakota IRS 
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of the study, the digital data will be deleted from all disks/drives. You are free to look at the 
digital recordings of your muscle activity at the conclusion of tbe data collection period. 
COMPENSATION FOR INJURY 
In the event that this research activity results in an injury, treatment will be available including 
fitst aid, emergency treatment and follow-up care as needed. Payment for any such treatment is 
to be provided by you (you will be bUled) or your tbird'party payer, ifany (such as health 
insurance, Medicare, etc.) No funds have been set aside to compensate you in the event of injury. 
Also, the smdy staff cannot be responsible if you knowingly aild willingly disregard the 
directions they give you. 
IS THIS STUDY VOLUNTARY? 
Your participation is voluntary. You may choose not to participate or you may discontinue your 
participation at any time without penalty or loss of benefits to which you are otherwise entitled. 
YOUI' decision whether or not to participate will not affect yo.ur current or thture relations with 
the University of North Dakota. 
The inveatigators or yon may stop the eJqleriment at any time if you are experienCing discomfort, 
pain, fatigue,. or any other symptoms that may be detrimental to yoUI' health. If you agree to 
participate, you will be allowed to stop your participation in this study at any time without 
prejudice or jeopardizing any future relationships with the UND Department of Physical 
Therapy. 
CONTACTS AND QUESTIONS? 
The researcher conducting this study is Susan H. N. Jeno, PT, PhD. You may ask any questions 
you have now. If you later have questions, concerns, or complaints about the research please 
conlact Susan Jeno at 701 777-2831 during the day. 
If you have questions regarding your rights as a research sUbject, you may contact The 
Uulversity of North Dakota Instimtional Review Board at (701) 777-4279. 
You may also call this number about any problems, complaints, or concoms you have 
about this research study. 
• You may also call this number if you cannot reach research staff, or you wish to talk with 
someone who is independent of the research team. 
• General infonnation about being a research subj ect can he found by clicking 
"Information for Research Participants" ou the web site: 
http://und,eduJresearch/resources/human-subjects/research-pmticipants.cfm 
I give consent to be videotaped during tbis stndy. 
Please initial: Ves No 
Approval Date: JAN 11 2017 
Expiration Date: JAN 1 0 2018 
4 
Date'=:-__ _ 
Subject Initials: __ _ 
University of North Dakota IRS 
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Your signature indicates that this research study has been explained to you, that your questions 
have been answered, and that you agree to take pmtin this study. You will receive a copy of this 
fonn. 
Subjects NaIlle: __________________ -----
Signature of Subject Date 
I have discussed the above points with the subject or, where appropriate, with the subject's 
legally authorized representative. 
Signature of Person Who Obtained Consent 
Approval Date: __ JA .. N,,-l ,...1 "-2,Ol,,,,7-:c-__ 
Expiration Date: __ J_A_N_l_0_20_1_B __ 







Location of eiectrodesoll your back. Electrodes are placed p,n both sides of the back (small 
circles). The latge'bar indicates the position of the joint angle measurement tool. 
) 
Approval Date: _~JA~N----,-1_1 ~2IJ~11 __ _ 
Expiration Date: JAN 1 0 2018 
6 
Date __ _ 
Subject Initials: __ 
University of.North Dakota IRS 
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AppendixC 
PROTOCOL CHANGE FORM 
UNIVERSITY OF NORTH DAKOTA INSTITUTIONAL REVIEW BOARD 
Please complete this fonn and attach revised research documents tor any proposed change to your protbcol, consent 
fomlS, Of any supportive materials (such as advertisements, questionnaires, surveys, etc.), All changes must be 
h1ghlighted. Any proposed change in protocol afiecting'human participants must be reviewed and approved by the IRB 
prior to implementation, except where an immediate change is necessary to eliminate a ha7..ard to'the participant. 
Principal Investigator: Susan H N Jeno 
Telephone: ~77~7,-·~3~66=.2=-__________ E«mail Address: ~S~lIc",.!!jc",n",o@~a~m"e,!d",.I,!,lI",ld",.e"d!!u~ _________ _ 
CompleteMailingAddress:iotNColumbiaRdStop9037GrandForks.NO 58202~9037 
SChooilCollege: SMHS Department: Physical Therapy 
Project Title: EMG Analysis of Latissimus Dorsi, Erector' Spinae and Middle Trapezius Muscle Activity During Trunk 
Rotation 
Proposal Number: IRB~201504~329 Approval Date: 3-4-16 -----------------
THE CURRENT STATUS OF THE PROJECT IS (Cheek one) 
Project currently in progress. Number of subjects enrolled is: ----
x Project not yet started. No subjects enrolled. 
Project olosed to subject entry, ----
I. Briefly describe and explain the reusoil for the revision or amendment and the Justification for the change. Include a copy 
of affected protocol pages and cons¢nt form with specific changes highlighted. 
Change in the graduate students aSSisting with data collection. 
2. Does the change affect the study 01' subject participation (procedures, risks, costs, etc.)? 
Please explain: 
3. Does the change affect the consent document? 
Yes x No 
Yes x No 
ffyes, include the revised consent formes) with the changes highlighted, and a clean copy aflhe revised cons~nt formes). 
By signing below, you are verifying that the information provided in the Human Subjects Review Form and attached 
information is accurate and that the project will be completed as indicated. 
Signatures: 
Principal Investigator Date: 
Student Adviser (ifappllcable) Dale: 
Revised 5/1 to6 
45 
Protocol Summary EMG Analysis of Latissimus Dorsi, Erector Spinae and Middle 
Trapezius Muscle Activity During Trunk Rotation 
Rotation of the trunk is a complex movement that has yet to be fully understood but that 
occurs regularly in activities of daily living and sport performance. Rotation (twisting) of 
the spine is a major contributing factor in low back pain pathology and by reports has 
been associated with up to 60% of all back injuries. Unfortunately, one of the largest 
muscles of the back, the latissimus dorsi (LD), is rarely included in research relative to 
axial rotation or rehabilitation programs for patients with low back pain. As the only . 
muscle to attach to the spine, pelvis, ribs, scapula, and humerus, LD has the potential to 
impact the spine during many different activities. To date, there is very limited research 
on the activity of the LD during spinal rotation. There have been 26 subjects evaluated 
so far as part of this ongoing study. Results to date indicate that there is a significant 
difference in the activation of the contralateral latissimus dorsi with trunk rotation in the 
quadruped position but insufficient sample size to determine the effects of the motion in 
other positions or the other muscles. 
There have been no complaints about the research nor changes to the protocol. 
Continuation of this study will provide a larger number of subjects and appropriate 
power for data analysis. 
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University of North Dakota Human Subjects Review Form 
January 2015 Version 
All research with human participants conducted by faculty, staff, and students associated with the University of North Dakota, 
must be reviewed and approved as prescribed by the-University's policies- and procedures governing the usc of human subjects. 
It is the intent of the University of North Dakota (UN D), through the Institutional Review Board (IRS) and Research 
Development and Compliance (RD&C), to assist investigators engaged in human subject research to conduct their research along 
ethical guidelines reflecting professional as well as community standards. The University has an obligation to ensure that all 
research involving human subjects meets regulations established by the United States Code of Federal Regulations (eFR). When 
completing the Human Subjects Review Form, use the "IRB Checklist" for additional guidance. 
Please provide the information requested below. Handwritten fomls are not accepted- responses must be typed on the form. 
Principal Investigator: Susan H N Jeno, PT, PhD 
Telephone: c7.c77:...,.c3:.66,,2'--_________ E·maiJ Address: sue,jeno@med.lUld.edu 
Complete Mailing Address: 50 I North Columbia Road Stop 9037 Grand Forks, NO 58202,9037 ___ _ 
School/College: SMHS 
--~-----------------
Department: _P_T _____________ __ 
Student Advisor (if applicable): ____________________________ _ 
Telephone: E-mail Address: ------------------ ------------------------
Address or Box #: ------------------------------------------------
School/College: _______________ Department ______________ __ 
*** AIlIRB applications must include a Kev Personnel Listing. 
Project Title: EMO Analysis of Latissirnus Dorsi, Erector Spinae and Middle Trapezius Muscle Activity During Trunk 
Rotation 
Proposed Project Dates: Beginning Date: April 15, 2015 
-----'---"-'------
Completion Date: April 15, 2016 
-~(ln-c7Iu~d"i"-g-.d~,'-a~a"~a~ry-.sis~)---
Funding agencies supporting this research: N/A 
------------------------------------
Did the contract with the funding entity go through UNO Grants and Contracts Administration? 0 YES or 0 NO 
Attach a copy of the contract. Do not include any budgetary information. The IRB will not be able to review the study without a 
copy ofthe contract with the funding agency, 
Does any researcher associated with this project have an economic interest in the research, or act-as an 
officer or a director of any outside entity whose financial interests would ~easollably appe~r'to be 
affected by the research? If yes, submit on a separate piece of paper an additional expianat,ion 'of the 
financial interest. The Principal Investigator and any researcher associated with this project.should 
o YES or I:8l NO have a Financial Interests Disclosure Document on file with their department. 
Will any research participants be obtained from another organization outside the University of North o YES or [gJ NO Dakota (e,g" hospitals, schools, public agenCies, American Indian tribes/reservations)? 
Will any data be collected at or obtained from another organization outside the University of North 
o YES or IZI NO Dakota? 
Tfyes to either of the previous two 
questions, list all organizations: 
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Letters from each organization must accompany this proposal. Each letter must illustrate that the organization 
understands its involvement and agrees to particip1tte in the study. Letters must include the name and title of the 
individual signing the letter and should be pl'inted on organizational letterhead. 
Does any external site where the research wit! be conducted have its owrl IRB? 0 YES D NO D N/A 
Jfyes, does the external site plan to rely on UND's IRB for approval of this study? 0 YES 0 NO 0 N/A 
(If yes, contact the UND IRB at 701 777~4279 for additional requirements) 
If your project has been or will be submitted to other IRBs, list those Boards below, along with the status of each proposal. 
_________________ DatesubmiUed: Status: 0 Approved 0 Pending 
_________________ Datesubmitted: Status: 0 Approved D Pending 
(include the name and address ofthe IRB, contact person atlhc IRS, and a phone number for that person) 
Type of Project: Check "Yes" or "No" for QMh ofthe following. 
IZ1 YES or D NO New Project D YES or IZ1 NO Dissertationrrhesis/Independent Study 
D YES or IZ1 NO ConI in uat ion/Renewa J D YES or IZ1 NO Student Research Project 
D IZ1 
Is this a Protocol Change for previously approved project? Iryes, submit a signed Protocol Change Form, 
YES or NO along wilh a signed copy of this form with the changes balded or highlighted. 
D YESar IZ1 
Does your project involve abstracting medical retord infonnation? If yes, complete tho H1PAA 
NO Compliance Application and submit it with this fonn. 
D YES or IZ1 NO Does your project include Genetic Research? 
Subject Classllication: This study will involve subjects who -are in the following special populations: Check all that apply. 
D Children « 18 years) 
o Prisoners 
D Cognitively impaired persons or persons unable to consent 
[8J UND Students 
o Pregnant WomenfFetuses 
D Other ---'---C-'~~~,",-~----------C-~--C7"""----..,~­
Please use appropriate checklist when children, prisoners, pregnant women, or people who are unable to consent wlll be 
involved in the research. 
This study will involve: Check all'that apply. 
D Deception (Attach Waiver or Alteration of Infonned 
Consent Requirements) 
o Radiation 
D New Drugs (!ND) IND # ___ Attach Approval 
o Investigational Device Exemption (IDE) # ___ Attach Approval 
D Non-approved Use ofOrug(s) 
[8J None of the above will be involved in this study 
I. Project Overview 
D Stem Cells 
o Discarded Tissue 
o Fetal Tissue 
o Human Blood or Fluids 
D Other 
Please provide a brief explanation (limit to 200 words or less) of the rationale and purpose of the study, introduction orany 
sponsor(s) of the study, and justification for use ofhulllun subjects and/or special populations (e.g., vulnerable populations such 
as children, prisoners, pregnant women/fetuses), 
To date, the research concerning,the activation of the latissimus dorsi muscle lbcuses on its contribution to 
upper extremity movement. With attachments on spinous processes~ the latissimus dorsi as well as the 
middle trapezius has the potential to impact spinal rotation. Without proper identification of these muscles' 
contribution to spinal rotation, proper rehabilitation of a patient with upper e,,(remity or spinal pathology 
would be impossible. This pilot project is intended to analyze the activation of the latissimus dorsi, middle 
trapezius and for comparison, the erector spinae muscles during spinal rotation to identify thc muscles1 
contribution to this biomechanical movement. 
II. Protocol Description 
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Please provide a thorough descl'iptfon of the procedures to be used by addressing the instructions under each ofthe following 
categories. 
1. Subject Selection. 
a) Describe recruitment procedures (Le., how subjects will be recruited, who will recruit them, where and when they win be 
recruited and lor how long) and inolude copies orany advertisements, mers) etc., that will be used to rccruit subjects. 
Invesligalors will voluntarily recruit subjects through fliers posted throughout the SMHS during the 
months of April-June 2015. No incentives will be provided to participants in this study. See attached 
flier. (See attached) 
b) Describe your subject selection procedures and criteria, paying special attention to the rationale for including subjects 
from any ofthc categories listed in the HSubject Classification" section above. 
Subjects will be between the ages of 20-40, have no history of shoulder or spine pathology. They will 
also be able to lay in a prone position for a maximum of20 minutes and maintain a 4-point quadruped 
position lor approximately 15 minutes during the testing procedure. Subjects from the SMI-IS will be 
recruited as a sample of convenience. 
c) Describe your exclusionary criteria and provide a tationale for excluding subject categories. 
Exculsion criteria include pathology to the shoulder or spine that required medical attention, if the 
subjecl is pregnant, or has allergies to latex or isopropyl alcohol. Any of these criteria would pose a 
risk for the subject to participate in the research study. 
Exclusion criteria for tbis study include: I) history of shoulder or spine pathology - differences in 
electrical activity and funclional movements associated with pathology could alter the patterns 
demonstrated during the testing procedure and subjects will be asked (0 perform an isometric 
cOlltraction of the shoulder exlensors, scapular retractors and trunk cxtensors which may exacerbate 
previous pathologies; 2) age of subjects less than 20 years or greater than 40 years. Differences in 
muscle physiology in younger and older individuals could enhance variability between subjects; 3) 
sensitivity to isopropyl alcohol or latex - electrodes used dlU'ing the procedure may contain trace 
amounts of latex; skin is cleaned with isopropyl alcohol; in an effort to avoid adverse reactions I 
individuals with these sensitivities will be excluded from participation in this study. 
d) Describe the estimated number of subjects that will participate and the rationale for using that number of subjects. 
It is anticipated that a maximum of 50 bealthy UND students will be recruited for this study to reduce 
the risk of research error associated with smaller sample sizes. 
e) Specify the potential for valid results. If you have used a power analysis to determine the number of subjects, describe 
your method. 
Valid results are anticipated with a sample size of up to 50 subjects and randomization of the order oj' 
the tcsting position during the data collection protocol to minimize the error associated with training 
effects or fatigue. 
2. Description of Methodology. 
a) Describe the procedures used to obtain informed consent. 
Intormed consent will be obtained from each subject through the information and consent form (see 
attached fonn). All individuals participating in this study will be capable of independent decision 
making and will sign a consent form stating their understanding and willingness to participate in this 
study. A copy of the consent form will be provided for each subject. 
b) Describe where the research will be conducted. Document the resources and facililies to be used to carry out the proposed 
research, Please noie staffing, funding, and space available to conduct this research. 
All data collection will occur within a private room in thc UND Department of Physical Therapy 
within the SMHS. EMG equipment owned by the Department will be utilized for ail data collection. 
c) Indicate who will carry out the research procedures. 
Research will be carricd out by Dr. Sue Jeno and Year 2 Graduate Physical Therapy Students. 
d) Briefly describe the procedures and techniques to be used and the amount oftirrte that is required by the subjects to 
-~- . 
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Electromyographic (EMG) activity of the muscles will be monitored during standing trunk rotation 
and trunk rotation in a 4-point quadruped position with the use of pre-gelled, self-adhesive electrodes 
placed over motor points of the I'clavcnt muscles in the back. Muscles to be monitored include the 
latissimus dorsi, middle trapezius, erector spinae muscles on both sides of the body. Precise electrode 
placement will be determined by standard electrode placement charts and previously published 
research. Female subjects will be asked to wear shorts and bathing suit top and male subjects will be 
asked to wear shorts to facilitate access to the muscles and protect modesty. Prior to electrode 
placement, the skin will be prepared in standardized fashion and skin impedance will be measured to 
ensure adequate electrical conduction at each site. Preparation of the skin includes removing excess 
hair in the area where the electrodes will be positioned will an electric razor, the skin slightly abraded 
with sandpaper and then cleaned with alcohol wipes. A goniometer attachment will be placed along 
the lumbar spinous processes to record trunk rotation. The electrodes and goniometer will be 
connected to a transmitter which will be placed in a belt around the subject's waist. The EMG signals 
will be transmitted to a receiver and then to a computer. Raw EMG data will be obtained for analysis. 
Once the electrodes are in place, each subject will pertllfm a maximal voluntary contraction (MVC) of 
each ofthe muscles on both sides of the body for muscle activity comparison. A hand-held device 
will be utilized to record the amount of force generated by each contraction in addition to the EMG 
data. Each exercise will be performed 3 times, held for 5 seconds with 30-60 sec rest between trials. 
The MVC testing position for all muscles is a prone position; latissimus dorsi (LD) - resistance to arm 
extension ITom a neutral position will be used to record the MVC; middle trapezius (MT) - the arm 
will be abducted to 90 degrees with the elbow bent to 90 degrees and scapular retraction will be 
resisted at the proximal humerus; erector spinae (ES) muscles - trunk extcnsion with the arms at sides 
with resistance provided across the upper back. Subjects will be allowed to practice the testing and 
rotation activities prior to data collection to ensure understanding of the motions and appropriate 
speed of motion. Following the data collection of the MVC, a series of trunk rotations both to the 
right and to the left from a standing position and from a 4-point quadruped position will be performed 
with the order randomized to avoid research bias or elTor. Each rotation will be timed with a 
metronome for a 3 count motion to obtain full rotation and a 3 count motion to return to a neutral 
position. Subjects will be asked to perform 5 continllous rcpctitions of cach rotation paced by a 
metronome fd[ each trial. A rest of 30-60 seconds will be provided between each trial. lhe 
rotational motions will be digitally video recorded for use in analyzing the EMG data. 
e) Describe audio/visual procedures and proper disposal oftapcs, 
Video recording is directly linked to the computer and EMG data for analysis. No actual audio 
recordings are made of the snbjects. Video recordings will be utilized in the data analysis process, 
saved and stored in, similar fashion as the EMG data and destroyed simultaneously. No separate tapes 
are created in this process. 
t) Describe the qualifications oftlle individuals conducting ill! procedures used in the study, 
The primary investigator for thls study is a faculty member in the Department of Physical Therapy 
who will be assisted by Year 2 Gradute Physical Therapy students all of whom are trained in the use 
of EMG equipment. 
g) Describe compensation procedures (payment or class credit for the subjects, etc.). 
There will be no compensation given to subjects involved in this study.' 
Attachments NeceSSarY: Copies orall instruments (such as survey/intel'view questions, data collection forms completed by 
subjects, ele.) must be attached to this proposal. 
3. Risk Identification. 
a) Clearly describe the anticipated risks to the subject/othet's including any physical, emotional, and financial risks that might 
result from this study. 
The potential physical risks associated with this study arc minimal. The EMG electrode placement 
and analysis is a non-invasive procedure utilized in clinical practice. During the performance of the 
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MVC contractions and trunk rotation activities, there is a slight chance the subject may lose balance 
or experience shoulder or back pain. This potential risk will be minimized by the presence of a 
spotter during the activity. Minor skin irritation from the skin preparation and EMG electrodes is 
possible. Subjects may experience slight fatigue or muscle soreness following participation in this 
study but it is anticipated that this would not be any worse than that experienced during minimal 
physical exercise. All subjects will he healthy with no history of shoulder or spihe pathology so these 
risks are minimized by inclusion/exclusion criteria. 
b) indicate whether there will be a way to link subject responses and/or data sheets to consent forms, and if SOl what the 
justification is for having tllat link. 
Subject's names will not be used in any repOlis oflhe results ofthis study. Each participant will be 
assigned an identification nU(llber, known only by the investigators, which will bc the only 
association between consent forms and data collected by EMG. Any information that is obtained in 
connection with this study and that can be identified with the subject will remain confidential and will 
be disclosed only with permission lrom the subject. At the completion of the study, the research data 
and the consent forms will be stored in separate locked locations in the Department of Physical 
Therapy for 3 years at which point the forms will be shredded and electronic data deleted. Data will 
be reported in aggregate form only to protect the confidentiality of all subjects. 
c) Provide a description of the data monitoring plan for all research that involves greater than minimal risk. 
d) Jfthe PI will be the lead-investigator for a multi-center study, or jfthe PI's organization will be the lead site in a multi-
center study. include information about the management ofinfonnation obtained in multi-site research that might be 
relevant to the protection of research participants, such as unanticipated problems involving risks to partIcipants 01' others, 
interim results, or protocol modifications, 
4, Subj cd Protection. 
a) Describe precautions you will take to minimize potential risks to the subjects (e.g., sterile conditions, informing subjects 
that some individuals may have strong emotional reactions to the procedures, debriefing, etc.). 
Selection of the subject pool utilizing the exclusion criteda will minimize the risks associated with 
tins study. Limiting the trunk rotation to what the subject can complete comfortably will also limit 
potential risks of back pain associated with trunk rotation. Muscle soreness will be minimized by 
limiting the number of repetitions in each position. The possibility of skin irritation will be 
minimized by proper skin preparation and subject screening prior to participation. To protect 
confidentiality and modesty, all data collection will occur itl a private room. The investigators or 
participant may stop the experiment at any time if the participant is experiencing discomfort, pain, 
fatigue, or any other symptoms that may be detrimental to hislher health. All subjects will be allowed 
to terminate their participation in this study at any time without prejudice. 
b) Describe procedures you will implement to protect confidentiality and privacy of participants (such as coding subject data, 
removing identifying information, reporting data in aggregate n.JrOl, not violating a pmticipants space, not intruding where 
one is not welcome or trusted, not observing or recording what people expect not to be public, etc.). ffparticipants who are 
likely to be vulnerable to coercion and undue influence are to be included in the research, define provisions to protect the 
privacy and interests of these paliicipants and additional safeguards implemented to protect the rights and welfare of these 
participants. 
Subject and result information will not be linked to tile consent form in order to protect the 
confidentiality of the subjects. Names will not be associated with data collection limns. Subjects will 
be assigned a confidential, unique number which will be used for idcntification purposes. To protect 
confidentiality and modesty, all data collection wLll occur in a private room. 
c) Indicate that the subject will be provided with a copy onhe consent form and how this will be done. 
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Prior to participation in this study, each subject will read and sign a conscnt [OlID. Participants in this 
study will all be capable of independent decision making and will sign a consent fonn stating their 
understanding and willingness to participate in this study. Participants will be encouraged to ask any 
questions regarding the consent form to ensure their understanding of the document. Each palticipant 
will be given a copy of the signed consent form for their records. 
d) Describe the protocol regarding record retention, Please indicate that researoh data from this study and consent fonns will 
both be retained in separate locked locations for a minimum of three years following the completion orlhe study, 
Describe: 1) the storage location ofille research data (separate [rom consent forms and subject personal data) 
2) who will have access to the data 
3) how the data will be destroyed 
4) the storage location of consent forms and personal datu (separate from research data) 
5) how the consent forms will be destroyed 
Participant consent forms and data collection sheets/computerized files will be stored separately and 
secured in separate locked locutions in the Department of Physical Therapy. Only the investigators 
will have access to this information. After a period of 3 years from the completion of the study, the 
consent forms and data collection sheets will be shredded for final disposition and computerized data 
will be deleted from all disks/drives. 
e) Describe procedures to deal with adverse reactions (referrals to helping agencies, pl'Ocedures for dealing Wit11 trauma, etc.), 
Thc investigators or participant may stop the experiment at any time if the participant is experiencing 
discomfort, pain, fatigue, or any other symptoms that may be detrimental to hislher health. If subjects 
consent to patticipate they will be allowed to terminate their participation in this study at any time 
without prejudice or jeopardizing any future relationships with the UND Department of Physical 
Therapy. All investigators are CPR trained. Medical treatment will be provided to each subject as 
needed, including first aid, CPR, and follow-up care as that provided to a member of the general 
public in a similar circumstance. 
f) Include an explanation ofmcdical1rcatment available if injury or adverse reaction occurs and responsibility for costs 
involved, 
In the event an adverse event occurs during participation in this study, the subject will be prompted to 
seek immediate medical attention. All incurred medicai expenses will be therepsonsibility of the 
subject or the subject's third-party payer. 
III. Benefits of the Study 
Clearly describe the benefits to the subject and to society resulting from this study (such as learning experiences, services 
received, etc.). Please note: extra credit and/or payment are not benefits and !ihould be listed in the Protocol Description section 
under Methodology, 
Possible benefits of this study include but are not limited to: 1) gaining a better understanding of the 
muscle activity in the back muscles with trunk rotation and 2) increasing the current level of knowledge of 
muscle activity and motion patterns of these muscles during this activity; 3) lurlher research may be 
stimulated; and 4) improved understanding orthe kinematics of trunk rotation to aid in the teaching of this 
activity to students enrolled in thc professional physical therapy curriculum. There will be neither cost 
associated with nor any compensation to any subject who participates in this study. 
IV, Consent Form 
Clearly describe the consent process below and be sure to include the following inrormation in your description (Note: SimpJy 
stating !see attached consent form' is not sufficient. The items listed below must be addressed on this form,): 
1) The person who will conduct the consent interview 
2) The person who wlII provide consent or permission 
3) Any waiting periOd between informing the prospective participant and obtaining consent 
4) Steps taken to minimize the possibility of coercion or undue influence 
5) The language to be used by those obtaining consent 
6) The language undel'stood by the prospective participant or the legally authorized representative 
7) The information to be communicated to the prospective participant or the legally authorized representative 
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I. The person who will conduct the consent interview will be the primary investigator or a second year 
I'T graduate student. Consent interview will be done in a private location within the PT Department in the 
SMHS, 
2, The person who will provide consent or permission will be the subject in the study, Only those subjects 
who understand written and verbal explanation of the test protocol in English and who are able to provide 
consent will be subjects in this study, 
3, There will be no waiting period between informing the participant and obtaining consent. 
4, All SUbjects will gain access to the study through voluntarily contacting the researcher for an 
opportunity to participate, During the consenting process, it will be explained to the potential subjects that 
(he process is entirely voluntary and that they arc free to withdraw at any point in the process, Withdrawal 
from the study will not alter their relationship with the Department of Physical Thcrapy in any way, 
5, English will be the language used to obtain consent. Medical jargon will not be utilized to ensure 
subject understanding of the research protocol. 
6, English will be the language understood by the participant. 
7. All risks and benefits, test procedures, and consent document will be explained to each prospective 
subject. 
See Attached form, 
A copy of the consent faml must be attached to this proposal. Ifno consent form is to be used, document the procedures to be 
used to protect human subjects, and complete the Application for Waiver or Alteration of' Infomled Consent Requirements. Refet 
to formIC 70 1 ~Aj Infomled Consent Checklist, and make sure that all the required elements arc included. Please note: All 
records ottaincd must be retained for a period of time sufficient to meet federal, statc, and local regulations; sponsor 
requirements; and organizational policies. The consent torm must be written in language that can easily be read by the subject 
population and any use of jargon or technical language should be avoided. Th~ consent form should be written at no higher 
than an 8th grade reading level, and it is recommended that it be written in the third person (please see the example on the 
RD&C website), A two inch by two inch blank space mml be len on the boltom of each page of the consent fDlm for the IRB 
approval stamp. 
Necessary attachments: 
o Sig.ned Student Consent to Release ofEducalional Record Form (students and medical residents only); o Investigator Letter of Assurance of Compliance; (all researchers) o Consent form, or Waiver or Alteration ofinformcd Consent Requirements (Fonn Ie 702-B) o Key Personnel Listing o Surveys, interview questions; etC. (if appllcable); o Printed web screens (if survey is over the Internet); and 
D Advel1isements (flyer, social media postings, email/letters, etc.). 
By Signing below, you arc verifying that the information provided in the Human Subjects Review Form and attached 
information is accurate nnd that the project will be completed as indicated. 
Signatures: 
(Principal Investigator) Date: 
(Student Advisor) Date: 
**AIl.ftmientl· ami medica/ residents must list "filculty member as a stm/ellt ai/visor 011 theflrst page oftlte 
application and ",lI .. vt have that person sig" tIle applicatioll. ** 
Requirements fOf submitting proposal~: 
Additional information can be found on the IRB website at: b!1lrllund.cdu/research/l'csQufccs/hulI1iuHubjects/indcx.cfln 
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Original, signed proposals, a,nd 'all attachmcnts, along with the necess!lry number of cQpies (see below), should be submitted to: 
Institutional Review Board, 264 Centennial Drive Stop 7134, Grand Forks, ND 58202~7134, or broughllO Room 106, Twamley 
Hall, 
Required Number ofCoplcs; 
• Expedited Rcview: Submit the signed originalnnd t copy of the entire proposal, 
• Full Board Review: Submit the signed original and 22 copies of the, entire proposal by-the deadline listed on "the IRB 
website: http://tlnd,edu/researclllrcs()urce~lh()man4subiects/Jneetlng~schedule,cfm 
• Clinical Medical Subcommittee and l:ull Board Review: Submit the signed orIginal and 24 copies of the entire proposal 
by the deadline listed on the U~B website: h!tp://\md.cduJresearch/resOlirces!htnmm.subicctshneeling~schedule,cfrn 
Prior to receiving IRS approval, researchers must complete the required IRS human suqjects' -education,. Please go to: 
hltp:/lund.edll/rcse['Jrch/resourccs!h!lman~subiectslhulnan·subjcct~educalion.cnn 
The criteria for determining what category your proposal wilt' be reviewed under is listed on pago 3 of the IRS Checklist. Your 
reviewer will assign a review category to your proposal. Should your'protocol require full Board review) you will need to 
provide addltlonal copies. Fmthcr information can be found un the IRa website rcgarding required copies and lRB review 
categories j or you may call the IRB office at 701 777·4279, 
In cases where the proposed work Is Pllrt of a proposal to a potential funding,source, one copy orlhe completed proposal to thc 
funding agency (agreement/contract if there [s no proposal) must bc aUached to the completed lluman Subjects Reviev"-Form if 
the proposill is uon~c1inical; 5 copies iflhc proposal Is clinical~medica\, If the proposoo work is being conducted for a 
phamli1ceutical company"5 copies ofthe company~s protocol m\lst be provided. 
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1. The person who will conduct' the consent interview will be the primary investigator or a 
second year PT graduate -student. Consent interview will be done in a private location within the 
PT Department in the SMHS. 
2. The person who will_provide consent or pe1111ission will be the subject in the study. Only 
those subjects who understand written and verbal explanatioll of the test protocol in English and 
who are able to provide consent will be subjects in this study. 
3. '('here will be no waiting period between infOlming the participant and obtaining consent. 
4. All subjects will gain access to the study through voluntarily contacting the researcher for an 
opportunity to participate. During the consenting process, it will be explained to the potential 
subjects that the process ,is entirely voluntary and that they are free to withdraw at any point in 
the process. Withdrawal from the study will not alter their relationship with the Department of 
Physical Therapy in_any way. 
S. English will be the language, used to obtain consent. Medical jargon will not be utilized to 
ensure subject understanding of the research protocol. 
6. English will be the language understood by the participant. 
7. All risks and benefits, test proccdures, and cOhsent docmnent will be explained to each 
prospective subject. 
See Altached fon11. 
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